DIOXIN-LIKE PCBs
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2,3,7,8-Tetrachlorodibenzo-p-dioxin 2,3,7,8-Tetrachlorodibenzofuran 3,3',4,4',5,5'-Hexachlorobiphenyl

Furans




Toxic Equivalency (TEQ)

Reassessment Chapter Summarizes Scientific Support

e Based on inspection of multiple endpoints and/or
receptor binding (WHQO criteria)

e Fundamental to evaluation of this group of compounds




Five Compounds Make up About 80% of the
Total TEQ In Human Tissue

*Four of 17 Toxic CDD/CDF Congeners
*One of the 12 toxic PCBs

» 2,3,7,8-TCDD




Body Burden Best Dose Metric (Ng/Kg
BW)

e Accounts for differences in half-life
e Results in strong agreement between







Toxic Equivalency (TEQ)

e Fundamental to evaluation of this group of
compounds

e Based on inspection of multiple endpoints and/or
receptor binding (WHO criteria)




Dioxins and Human Carcinogenicity

2,3,7,8-TCDD =  Carcinogenic to
humans

Other dioxin-like =  Likely to be

compounds carcinogenic

Complex Environmental = Likely to be
Mixtures carcinogenic




Dioxin-like Compounds are
Noncancer Toxicants in Animals and Humans

= Developmental Toxicity

Targets:
> Developing Immune System
> Developing Nervous System




Current Dioxin Exposure

=» Environmental Exposure
¢+ ~1 PG TEQ/Kg/Day (PCDDs/PCDFs/PCBs)
+ Possible Higher Intake Populations
e Nursing infants




Body Burden Best Dose Metric
(Ng/Kg BW)

e Accounts for differences in half-life
e Results in strong agreement between




Risks To General Population From
EXposure to DioxXins

e Upper Bound Cancer Risk From Mean
General Population Exposure --- 1x103







How dioxin-like compounds are
addressed in the dioxin reassessment

e \What are “dioxin-like” PCBs
e The concept of TCDD TEQ for PCBs
 Environmental levels




mnMeta positions - chlorine atoms in positions 3, 3', 5, and 5'

mPara positions - chlorine atoms in positions 4 and 4
n Ortho positions —2,2’,6,6’

The PCBs assume a dioxin-like structure when chlorines occupy:
(a) usually no more than one of the ortho positions;

(b) both para positions;

(c) at least two meta positions;

(d) the structure is not hindered from assuming the preferred
planar configuration.




Dioxin-Like = Co-Planar PCB Congeners

Source: NRC (2000)




WHO (1998) Established Toxic Equivalency
Factors (TEFs) for 12 PCBs (Humans)




Environmental Time-Trends from EPA Sediment Core Study

cp-PCB in Ozette Lake Sediments (pg/g)

——77-TPCB —=—126-PePCB —+ 105-PePCB -m- 118 - PePCB
—a 169 - HXPCB —— 156 - HXPCB = 157 - HXPCB

Reduction in sales

Production

Source: Cleverly et al. (1997)



Mean levels In environmental
media (ppt except air pg/m?3)

Rural air

Media Dioxin TEQ |PCB TEQ
Urban soil 9.3 (270) 2.3 (99)
Rural soil 2.7 (354) 0.59 (62)
Sediment 5.3(11) 0.53 (11)
Urban air 0.12 (112) 0.0009

0.013 (60)

0.0007 (53)




Mean levels In human foods

(ppt whole wt)

Veg. fats

Food Dioxin TEQ [PCB TEQ
Milk 0.018 (8 ¢) 0.0088 (8 c)
Dairy 0.12 (8 ¢) 0.058 (8 ¢)
Eqggs 0.081 (15¢) |0.10 (24)
Beef 0.18 (63) 0.084 (63)
Pork 0.28 (78) 0.0093 (78)
Poultry 0.068 (78) 0.026 (78)

0.056 (30)

0.037 (5)



Intake of Dioxin-Like PCBs

Vegetable fat
g Soil Ingestion

Other meats Soil Dermal

Eggs FW fish/shellfish




Contribution of dioxin-like
PCBs to total daily intake

Dioxin/Furan

65%




Conclusions

* Dioxin-like PCBs are co-planar; have a
geometric configuration like 2,3,7,8-TCDD

e Dioxin Reassessment adapts the concept of




Conclusion...continued

e The Dioxin Reassessment estimates total

daily intake of dioxin-like PCBs = 0.33 pg
TEQ/kg-d

» Daily intake of dioxin-like PCBs adds about




Chemistry

QL)

e PCBs are a class of aromatic hydrocarbons consisting of a




Category

Congener
Homologue

Isomers

Monochlorobiphenyl
Dichlorobiphenyl
Trichlorobiphenyl
Tetrachlorobiphenyl
Pentachlorobiphenyl
Hexachlorobiphenyl
Heptachlorobiphenyl
Octachlorobiphenyl
Nonochlorobiphenyl
Decachlorobiphenyl

Number Comprising the Category

209 distinct PCB compounds
10 groups based on number of
chlorine atoms
1- 46 distinct PCB compounds with
similar molecular weight
3
12
24
42
46
42
24
12
3
1



Production

 Commercially produced as complex mixtures
from 1929 through 1976.

— Swann Chem (1929), Anniston, AL; Then Monsanto
(1935)

e Monsanto used trade name Aroclor.




Production

« Not found In nature; synthesized by direct
chlorination of biphenyl with chlorine gas under
pressure with an iron chloride catalyst

» 130 congeners have been detected in Aroclors;




Usage of PCBs




A few facts about Aroclors




Typical PCB Homologue Composition (% wt)
of Five PCB Aroclors

Source: Frame (1996, 1999)




Estimated Historical Environmental Release of PCBs in the U.S.

Source: USEPA (1976)




Estimated Global Environmental Loading (1985)

Source: Tanabe (1988); note that a world production of 1.2-million metric tons is
assumed by Tanabe (1988). DeVoogt and Brinkman (1989) estimated worldwide




Environmental Fate/Transport
Alters PCB Mixtures

e Solubility in water
e \apor Pressure
 Volatilization




Generalizations of fate
properties of PCBs

Physical/chem Change with > CI
Properties

Boiling point Increases




Generalized Physical-Chemical Properties
PCB BP VP Sol Log K,, | BCFin | Evap
(°C) (Pa@ | (g/m3) Fish | (9/(m? h)
25°C)

Mono 285 1.1 4.0 4.7 2500 0.25
Di 312 0.24 1.6 5.1 6300 0.065
Tri 337 0.054 0.65 5.5 2E+04 | 0.017

Tetra 360 0.012 0.26 5.9 A4E+04 | 4E-03

Penta 381 3E-03 | 0.099 6.3 1E+05 | 1E-03

Hexa 400 6E-03 | 0.038 6.7 3E+05 | 3E-04

Hepta 417 2E-04 | 0.014 7.1 6E+05 | 6E-05

Octa 432 3E-05 | 6E-03 7.5 2E+06 | 2E-05

Nona 445 6E-06 | 2E-03 7.9 AE+06 | 4E-06

Deca 456 2E-06 | 8E-04 8.3 1E+07 | 9E-07

I source: Erickson (1997) BRI




The environmental distribution

and partitioning of PCBs

Major source is
the environmental

cycling of PCBs previously

introduced into the
environment

PCBs have a strong
affinity for sorption

N

| The atmosphere
' and oceans distribute
A/ PCBs globally

Partitioning an
iInduced by ch

Soils and Sediments
are major
= environmental

Fad




Biodegradation of PCB
congeners

e Dechlorination by aerobic and anaerobic bacteria.
Overall these are slow processes.

e The light congeners... e.g., Mono, di and tri —
PCBs generally biodegrade aerobically

e The heavier congeners,e.g., Tetra and Penta PCBs




Biodegradation..continued

e The rate of anaerobic dechlorination depends on
meta and para removal

— Process P is removal of para chlorines with at least one
adjacent chlorine (Tetra — Hepta PCBs)

— Process N i1s removal of meta chlorines with at least one




Volatilization
(generalizations)

« Evaporative loss of PCBs from soils and
water bodies to the atmosphere

e Lighter MW PCB congeners having higher




Bioaccumulation (generalizations)

e Accumulation from sediment to plankton and fish

IS largely determined by degree of PCB
chlorination.

 Plankton and fish are enriched in high K, PCB
congeners, and depleted in low K, PCBs




Conclusions

« Occurrences of PCB congeners In
environmental media and biota are largely a
conseguence of historic source releases.




Conclusions...continued

 Mono, di and tri chlorinated PCBs tend to
volatilize from soils and water bodies to air,
leaving the higher MW compounds.

* Mono, di and tri chlorinated PCBs may




Conclusions....continued

e Bioaccumulation and biotransformation
changes the pattern and composition of
PCB mixtures present in living organisms
relative to the pattern in soils and




Conclusions...continued

» As aresult of environmental fate processes, the
composition of PCB congener mixtures that are
present In the environment are significantly
different from that of the original Aroclor







Dioxins and Human Carcinogenicity

2,3,7,8-TCDD =  Carcinogenic to
humans

Other dioxin-like =  Likely to be

compounds carcinogenic

Complex Environmental = Likely to be
Mixtures carcinogenic




Quantitative estimate of cancer risk

» Cancer slope factor is revised upward by a factor of
~6 over the 1985 EPA value

» Cancer risks to the general population may exceed
10-3 (1 in 1,000) from background (dietary) exposure




Body Burdens Associated With
Non-Cancer Effects

=>» Adverse Effects Ng/Kg MOE*
> Developmental neurotoxicity: 22 | 4
> Developmental/reproductive toxicity: 0.7-42 10.1-8
> Developmental immunotoxicity: 50 | 10
> Adult immunotoxicity: 1.6-12 : 0'2 -2

» Endometriosis: 22




1987 1995 2002/4

I Emissions Emissions Emissions
Inventory of Sources of Dioxin inthe (g TEQdf- (g TEQdf- (g TEQUf-
United States-May, 2000 WHO98/yr) WHO98/yr) WHO98/yr)
Municipal Solid Waste Incineration, air 8877.0 1250.0 12.0
Backyard Barrel Burning, air 604.0 628.0 628.0
Medical Waste Incineration, air 2590.0 488.0 7.0
Secondary Copper Smelting, air 983.0 271.0 5.0
Cement Kilns (haz waste), air 117.8 156.1 7.7
Sewage Sludge/land applied, land 76.6 76.6 76.6
Residential Wood Burning, air 89.6 62.8 62.8
Coal-fired Utilities, air 50.8 60.1 60.1
Diesel Trucks, air 27.8 35.5 35.5
Secondary Aluminum Smelting, air 16.3 29.1 29.1
2,4-D, land 33.4 28.9 28.9
Iron Ore Sintering, air 32.7 28.0 28.0
Industrial Wood Burning, air 26.4 27.6 27.6
Bleached Pulp and Paper Mills, water 356.0 195 12.0
Cement Kilns (non-haz waste), air 13.7 17.8 17.8
Sewage Sludge Incineration, air 6.1 14.8 14.8
EDC/Vinyl chloride, air NA 11.2 11.2
Oil-fired Utilities, air 17.8 10.7 10.7
Crematoria, air 5.5 9.1 9.1
Unleaded Gasoline, air 3.6 5.9 5.9
Hazardous Waste Incineration, air 5.0 5.8 3.5
Lightweight ag kilns, haz waste,air 2.4 3.3 0.4
Kraft Black Liquor Boilers, air 2.0 2.3 2.3
Petrol Refine Catalyst Reg., air 2.2 2.2 2.2
Leaded Gasoline, air 37.5 2.0 2.0
Secondary Lead Smelting, air 1.2 1.7 1.7
Paper Mill Sludge, land 14.1 1.4 1.4
Cigarette Smoke, air 1.0 0.8 0.8
EDC/Vinyl chloride, land NA 0.7 0.7
EDC/Vinyl chloride, water NA 0.4 0.4
Boilers/industrial furnaces, air 0.8 0.4 0.4

Tire Combustion , air 0.1 0.1 0.1
Drum Reclamation, air 0.1 0.1 0.1
TOTALS 13,995 3,252 1,106
Percent Reduction from 1987




1987 1995
Emissions Emissions
Inventory of Sources of Dioxin in the (g TEQdf- (g TEQdf- % Total
United States- Sept, 2000 draft WHO98/yr)  WHO98/yr) 1995
Municipal Solid Waste Incineration, air 8877.0 1250.0 38%
Backyard Barrel Burning, air 604.0 628.0 19%
Medical Waste Incineration, air 2590.0 488.0 15%
Secondary Copper Smelting, air 983.0 271.0 8%
Cement Kilns (haz waste), air 117.8 156.1 5%
Sewage Sludge/land applied, land 76.6 76.6 2%
Residential Wood Burning, air 89.6 62.8 2%
Coal-fired Utilities, air 50.8 60.1 2%
Diesel Trucks, air 27.8 355 1%
Secondary Aluminum Smelting, air 16.3 29.1 1%
2,4-D, land 33.4 28.9 1%
Iron Ore Sintering, air 32.7 28.0 1%
Industrial Wood Burning, air 26.4 27.6 1%
Bleached Pulp and Paper Mills, water 356.0 19.5 1%
Cement Kilns (non-haz waste), air 13.7 17.8 1%
Sewage Sludge Incineration, air 6.1 14.8 0%
EDC/Vinyl chloride, air NA 11.2 0%
Qil-fired Utilities, air 17.8 10.7 0%
Crematoria, air 5.5 9.1 0%
Unleaded Gasoline, air 3.6 5.9 0%
Hazardous Waste Incineration, air 5.0 5.8 0%
Lightweight ag kilns, haz waste,air 2.4 3.3 0%
Kraft Black Liquor Boilers, air 2.0 2.3 0%

Petrol Refine Catalyst Reg., air 2.2 2.2 0%
Leaded Gasoline, air 37.5 2.0 0%
Secondary Lead Smelting, air 1.2 1.7 0%
Paper Mill Sludge, land 14.1 1.4 0%
Cigarette Smoke, air 1.0 0.8 0%
EDC/Vinyl chloride, land NA 0.7 0%
Primary Copper, air 0.5 0.5 0%
EDC/Vinyl chloride, water NA 0.4 0%
Boilers/industrial furnaces 0.8 0.4 0%
Tire Combustion, air 0.1 0.1 0%
Drum Reclamation, air 0.1 0.1 0%
TOTALS 13,995 3,252
Percent Reduction from 1987




Major US Dioxin Sources
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Poorly Characterized Sources

« Secondary steel electric arc « Range fires

furnaces .
 Ag burning

e Coke production

« Ceramic manufacturing

» Clay processing

» Ferrous and non-ferrous foundries

e Landfill fires
e Structural fires

e Landfill flares




POTENTIAL SIGNIFICANCE OF
UNCONTROLLED COMBUSTION

If other uncontrolled combustion sources,
either collectively or individually, are of
the same magnitude as barrel burning ...




20t Century Trend

Sediment Levels, Beaver Lake, Olympic Peninsula, WA
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UNCONTROLLED COMBUSTION

In non-industrial and developing countries, uncontrolled
burning appears to be much more prevalent and is likely
to dominate release for these countries and possibly total

global releases.

What is less clear is whether uncontrolled combustion

In non-industrialized countries can result in
anvironmental or exposure leve Imilar to




Reservoir Sources

Old releases of dioxins that are temporarily stored in
environmental compartments to later be reintroduced
Into the circulating environment:

e Soil
e Sediment




Reservoir Sources

 Given the magnitude of past releases and the
persistence of dioxin-like compounds, it seems likely
that existing reservoir sources could sustain their
current level of exposure contribution for
years/decades.

e |f this is the case, then, even if we could eliminate all
contemporary sources, exposure and subsequent
risks could be sustained at about 50% of current levels




U.S. Adult Average Dalily Intake of
CDDs/CDFs/ Dioxin - Like PCBs

Vegetable fat Soil i_ngestion
Other meats Soil dermal contact

Poultry Freshwater fish and
shellfish




Sources and Pathways to Human Exposures

SOURCES - DEPOSITION FOOD
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TEQ Derived from Pork
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TEQ Derived From Milk and Dairy Products
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Dioxin Uptake

Into Meat And Dairy
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Counties were ranked in descanding order by their lotal
contribution to TEQ, axpressed ag 8 TEQ mass par square .
mils. Tha list was then dividad into four sactions such 1

that the total TEQ in sach section is equal 1o 25% of the |
total TEQ from all counties.  Thus, each colod on the map

represents 25% of the Iotal mass of dioxin TEQ derved

from pork, beed, chicken, eggs, and dairy products. Counties
shown in red are the highest in the USA in terms of TEQ
par squae mils; Counties shown in grey are the lowast.
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Top 80-percent Emitting Sources, Dioxin/Furan TEQ Emissions
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ALTERNATE PATHWAYS OF EXPOSURE FOR
DOMESTIC MEAT AND DAIRY ANIMALS

*Feed additives
—Ball Clay
—Citrus Pulp
—Recycled Fats
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